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velocity ; and let any body E, by being placed in the axis 
of the canal, hinder the. paffage of the water. It is evi- 
dent, that the figure of the fore part of this body will 
have little influence in obftructing the water’s motion, but 
the whole impediment will arife from»the {pace taken up 
by the betly, by which it diminifhes the bore. of the ca-. 
nal,eand ftraightens the paflage of the water. But pro-. 
portional to the obftruction of the water’s motion, will be 
the force of the water upon the body E *. Now fuppofe 
both orifices of the canal to be clofed, and the water in it 
to remain at reft; the body £ to move, fo that the parts 
of the water may pafs by it with the fame degree of’ velocity, 
as they did before; «it is beyond contradiction, that the pref 
ffure of the water upon the body, that is, the refiftance 
it gives to its motion, will remain the fame;. and there-. 


fore will have little connexion with the figure of the body ©. 


25. By amethod of reafoning drawn from the fame foun- 
tain is determined the meafure of refiftance thefe comprefled 
fluids give to bodies, in reference to the proportion between 
‘the denfity of the body and that of the fluid. This thall be 
explained particularly in my comment on Sir Is, New ron’s 
mathematical principles of natural philofophy; but is not a 
proper fubjeét to be infifted on farther in this place. 


26. Wahave now gone through all the parts of this 
theory. There remains nothing more, but in few words to 
mention the experiments, which our author has made, both 
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2. By this theory of the refiftance of fluids, and thefe ex- 


periments, our author decides the queftion fo long agitated. - 


among natural philofophers, whether all {pace is abfolutely 
full of matter. The Ariftotelians and Cartefians both affert 
this plenitude ; the Atomifts have maintained the contrary. 
Our author has chofe to determine this queftion by his theory 
of refiftance, as fhall be explained in the following chapter. 


4 Newt.Princ, Lib,TI.prop,40. infchol, » Lib.JI.in {chol.pof prop. 31. . 
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* CONCERNING THE 
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| ‘That the Planets move in a {pace empty of 
all fenfible matter, 


H AVE now gone through the 
_ firft part of my defign, and have ex- 
- plained, as far as the nature of my 
i undertaking would permit, what 
 SirIsaac Newr ow has delivered 
y in general concerning the motion 
= of bodies. _ It follows now to {peak 

he has made in the fyftem of the world ; 

Y 


and 











of the difcoveries, 


gp yore Wekrows | — 


and to thew file him what caufe keeps the heavenly bo- 

dies in their courfes.. But it will be neceflary for the ufe of 
-fach, as are not skilled in aftronomy, to premife a brief de- 

{cription of the planetary fyftem. 

; ; . ; 

2. Tuts fyftem is difpofed in the following manner. In 
the middle is-placed the fun. About him fix globes ¢on- 
tinually roll. Thefe are the primary planets; that which 
is neareft to the fun is called Mercury, the next Venus, © 
next to this is our earth, the next beyond is Mars, after 
him Jupiter, and the outermoft of all Saturn. Befides thefe 
there are difcovered in this fyftem ten other bodies, which 
move about fome of thefe primary planets in the fame 
manner, as they move round the fun, Thefe are called 
fecondary planets. | The moft confpicuous of them is the 
moon, which moves round our earth; four bodies move in 
like manner round Jupiter; and five -sinioil Saturn. Thofe 
which move about Jupiter and Saturn, are ufually called 
fatellites; and cannot any of them be feen without a te- 
lefcope. It is not impoflible, but there may be more {e- 
condary planets, befide thefe ; though our inftruments 
have not yet difcovered any other. ‘This difpofition of 
the planetary or folar fyftem is reprefented in fig, 89. 


3. Tue fame planet is not always equally diftant from 
the fin. But the middle diftance of Mercury is between 
f and § of the diftance of the earth from the fun; Venus 

is diftant from the fun almoft + of the diftance of the 
ns) the middle diftance of Mars is fomething more than 

half 


~ 


Ce ord of Saturn 
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half as much again, as the diftance of the earth; Jupiter's 
middle diftance exceeds five times the diftance of the 
earth, by between : and ; part of this diftance; Saturn’s 
middle diftange is fcarce more than 9+ times the diftance 
between the earth and fun; but the middle diftance between 
the earth and fun is about 217: times the fun’s femidi- 
amreter. ! 


4. Aut thefe planets move one way, from weft to 
eaft; and of the primary planets the moft remote is long- 
eft in finifhing its courfe round the fun. The period 
of Saturn falls fhort only fixteen days of 29 years and 
a half. The period of Jupiter is twelve years wanting a- 
bout so days. The period of Mars falls fhort of two years 
by about 4.3 days. Whevrevolution of the earth conftitutes 
the year. Venus performs her period in about 224.1 days; 
and mercury in about 88 days 


y. Tue courfe of each planet lies throughout in one 
plane or flat furface, in which the fun is placed; but they do 
not all move in the fame plane, though the different planes, 
in which they move, crofs each other in very {mall angles. 
They all crofs each other in lines, which pafs through the 
fun; becaufe the fun lies in the plane of each orbit. This 
inclination of the feveral orbits to each other is reprefented in 
fig. 90. The line, in which the plane of any orbit croffes 
the plane of the earth’s motion, is called the line of the nodes 
of that orbit. 


Y2 6. Back 
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6. Eacu planet moves round the fun in the line, which 
we have mentioned above*under the name of eflipfis ; which 
I fhall here fhew more particularly how to defcribe. I have 
there faid how it is produced in the cone. _ I thall now fhew 
how to form it upona plane. Fix upon any plaine two pins, 
asat Aand Bin fig.91. To thefe tye a ftring ACB of any 
length. Then apply a third pin D {0 to the ftring, as to hold 
it ftrained; and in that manner carrying this pin about, the , 
point of it will defcribe an ellipfis. If through the points A, 
B the ftraight line EABF be drawn, to be terminated at 
the ellipfis in the points E and F, this is the longeft line 
of any, that can be drawn within the figure, and is call- 
ed the greater axis of the ellipfis. The line GH, drawn 
perpendicular to this axis EF, fo as to pafs through the 
middle of it, is called the leffer axif The two points A 
and B are called focus’. Now each planet moves round 
the fun in a line of this kind, fo that the fun is found in 
one focus. Suppofe A to be the place of the fun. Then E 
is the point, wherein the planet will be neareft of all to the 
fun, and at F it will be moft remote. The point E is call- 
ed the perihelion of the planet, and F the aphelion. “In G 
and H the planet is faid to be in its middle or mean diftance; 
becaufe the diftance AG or AH is truly the middle be- 
tween AE the leaft, and AF the greateft diftance. In fig.g2. 
is reprefented how the greater axis of each orbit is fituated in 
refpect of the reft. The proportion between the greateft and 
leaft diftances of the planet from the fun is very different . 
in the different planets. In Saturn the proportion of the 

* Book I. ch.2, §82. greateft. 
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greateft diftance to the leaft is fomething lefs, than the propor- ” 
tion of 9 to 8; but much nearer to this, than to the propor- 
tion of ro to 9. In Jupiter this proportion is a little greater, . 
than that of 11 to 10. In Mars it exceeds the proportion of 
6to ys. Inthe earth it is about the proportion of 30 to 29. : 
In Venus it is near to that of 70 to 69. And in Mercury it 
comes not a great deal fhort of the proportion of 3 to 2. 


4. Eacu of thefe planets fo moves through its ellipfis, that 
the line drawn from the fun to the planet, by accompanying 
the planet in its motion, will defcribe about the fun equal {pa- 
ces in equal times, after the manner fpoke of in the chapter of . 
centripetal forces*? ‘There is alfo a certain relation between 
the greater axis’s of thefe ellipfis’s, and the times, in which 
the planets perform their revolutions through them, Which . 
relation may be expreffed thus. Let the period 
of one planet be denoted by the letter A, the 
greater axis of its orbit by D; let the period 
of another planet be denoted by B, and the 
greater axis of this planet's orbit by E.. Then 
if ¢ be taken to bear the fame proportion to B, . 
as B bears to A; likewife if F be taken to bear the fame pro- - 
portion to E, as E bears to D; and G taken to bear the fame : 
proportion likewife to F, as E bearstoD; then A fhall bear « 
the fame proportion. to C, as D bears to G. 


8. Tu fecondary planets move. round their refpective : 
primary, much in the fame manner asthe primary do round i 


O > 
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‘the fun. But thé motions of thefe fhall be more fully ex- 
plained hereafter *. And there is, befides the planets, another 
fort of bodies, which in all probability move round the fun ; 
I mean the comets. The farther defcription of which bodies 
I alfo kepve to the ai where they are to -be sparticularly 
treated on’? 


9. Far without this fyftem the fixed ftars are placed. 

Thefe are all fo remote from us, that we feem almoft incapa- 
ble of contriving any means to eftimate their diftance. ‘Their 
number is exceeding great. Befides two or three thoufand, 
which we fee with the naked.eye, telefecopes open to our view 
-vaft numbers ; and. the farther improved thefe inftruments 
-are, we ftill difcover more and more. Without doubt thefe 
are luminous globes, like our fun, an] ranged through the 
wide extent of fpace; each of which, it is to be fuppofed, 
perform.the fame office, as our fun, affording light and heat 
to certain planets moving about them, But thefe conjectures 
are not to be purfued in this place. 


to. I sHauu therefore now proceed to the particular de- 
fign of this chapter, and fhew, that there is no fenfible mat- 
ter lodged in the {pace where the planets move. 


ai. Tuar they fuffer no fenfible refiftance from any 
fuch matter, is evident from the agreement between the obfer- 
vations of aftronomers in different ages, with regard to the 


time, in which the planets have been found to perform ibe 


® Ch. 3. of this prefent book, © Chg. : 4 
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periods, But it was the opinion of Des Cartes’, thatthe - 
planets might be kept in their courfes by the means of a fluid 
matter, which continually circulating round fhould carry 
the planets along with it. There is one appearance that 
may feem to favour this opinion; which is, that the fun turns 
round its own axis the fame way, as the planets move. The 
eatth alfo turns round its axis the fame way, as the. moon 
moves round the earth, And the planet Jupiter turns.upon 
' its axis the-fame:way, as his fatellites revolve round him. It 
might therefore be fuppofed, thatif the whole planetary region 
were filled with a fluid matter, the fun, by turning round on 
its own axis, might communicate motion firft to that part of 
the fluid, which was contiguous, and by degrees propagate 
the like motion to the parts more remote. After the fame 
manner the earth migi\t communicate motion to this fluid, to 
a diftance fufficient to carry round the moon, and Jupiter com- 
municate the like to the diftance of its fatellites. Sir Isaac 
Newt on has particularly examined what might be the refult 
of fuch a motion as this >; and he finds, that the velocities, 
with which the parts of this fluid will move in different di- 
ftances from the center of the motion, will not agree with the 
motion obferved in different planets: for inftance, that the 
time of one intire circulation of the fluid, wherein Jupiter 
fhould fwim, would bear a greater proportion to the time of 
one intite circulation of the fluid, where the earth is; than the 
period of cig bears to the period of the earth. But he 
alfo proves‘, that the — cannot circulate in fuch a fluid, 


® In Princ. Unagyplaceds part. 
» Philof p » Libs If. prop. 2s. oh prop, 52 


ae t fox 


Ll iy (aac " Seeebenddi dnaialietasantteersieckniestae ant 


168 Sirlsaac Newton’s’ BooxIlL. 


fo asi to keep long in the fame courfe, unlefs the planet and 
the contiguous fluid are of the fame denfity, and the planet 
. be carried:along with the fame degree of motion, as the fluid. 
There is alfo another remark made upon this motion by our 
-author; whichis, that fome vivifying force will be continual- 
‘ly neceflary.at the center of the motion*, The fun in par- 
‘ticular, by comraunicating motion to the ambient fluid, will 
lofe from it felf as much motion, as it imparts to the fluid ; 
unlefs fome acting principle refide in the fun to renew its | 
‘motion continually. If the fluid be infinite, this gradual lof 
of motion would continue till the whole fhould ftop®; and 
if the fluid were limited, this lofs of motion would continue, 
till there would remain no {wifter a revolution in the fun, 
than in the utmoft part of the fluid; fo that the whole 
would turn together about the axis of fhe fun, like one folid 
globe“. 


12. Ir is farther to be obferved, that as the planets do not 
move in perfeét circles round the fun; there is a greater dift- 
ance between their orbits in fome places, than in others. For 
inftance, the diftance between the orbit of Mars and Venus is 
near half as great again in one part of their orbits, as in'the 
oppofite place. Now here the fluid, in which the earth 
fhould fwim, muft move with a lefs rapid motion, where 
there is this greater interval between the contiguous orbits; but 
on the contrary, where the {pace is ftraiteft, the earth moves 
more flowly, than where it is wideft « 
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13. Fartuer, if-this our globe of earth fwam in a fluid 
of equal denfity with the earth it felf, that is, in.a fluid more 
denfe than water; all bodies put in motion here upon the 
earth’s furface muft fuffer a great refiftance from it ; where 
as, by Sirdsaac NewrTon’s experiments mentioned in the 
preceding chapter, bodies, that fell perpendicularly down 
fhrouglr the air, felt about ;;, part only of the refiftance, 
which bodies fuffered that fell in like manner through water. 


14. Sir Isaac NewTon applies thefe experiments yet 
farther, and examines by them the general queftion concern- 
ing the abfolute plenitude of fpace. According to the Ariftote- 
lians, all {pace was full without any the leaft vacuities whate- 
ver. DesCarres embraced the fame opinion, and therefore 
fuppofed a fubtile fuid matter, which fhould pervade all bo- 
dies, and adequately fill up their pores. The Atomical philo- 
fophers, who fuppofe all bodies both fluid and folid to be com- 
pofed of very minute but folid atoms, affert that no fluid, how 
fubtile foever the particles or atoms whereof it is compofed 
fhould be, can ever caufe an abfolute plenitude ; becaufe it 
is impoflible that any body can pafs through the fluid with- 
out putting the particles of it into fuch a motion, as to fepa- 
rate them, at leaftin part, from one another, and fo perpetu- 
ally to caufe {mall vacuities ; by which thefe Atomifts endea- 
vour to prove, that a vacuum, or fome {pace empty of all 
matter, is abfolutely neceflary to be in nature. Sir Isaac 
N ewT on objects againft the filling of fpace with fuch a fub- 
tile fluid, that all bodies in motion muft be unmeafurably re- 
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fitted by a fluid fo denfe, as abfolutely to fill up all the {pace, 
through which it is fpread. And left it fhould be thought, 
that this objection might be evaded by afcribing to this fluid 
fuch very minute and {mooth parts, as might remove all ad- 
hefion or friction between them, whereby allrrefiftance 
would be loft, which this fluid might otherwife give to bo- 
dies moving in it; Sir Isaac Newron proves, in the 
manner above related, that fluids refift from the power of 
inactivity of their particles; and that water and the air re- 
fift almoft entirely on this account: fo that in this fubtile 
fluid, however minute and lubricated the particles, which 
compofe it, might be; yet if the whole fluid was as denfe as 
water, it would refift very near as much as water does; and 
whereas fuch a fluid, whofe parts are abfolutely clofe toge- 
ther without any intervening fpaces, muft be a great deal 
more denfe than water, it muft refift more than water ir 
proportion to its greater denfity; unlefs we will fuppofe the 
matter, of which this fluid is compofed, not to be endued 
with the fame degree of inactivity as other matter. But if 
you deprive any fubftance of the property fo univerfally be- 
longing to all other matter, without impropriety of {peech 
it can fearce be called by this name. 


15. SirIsaacNzwT on made alfo an experiment to try in. 
particular, whether the internal parts of bodies fuffered any re- 
fiftance. And the refult did indeed appear to favour fome fmall 
degree of refiftance; but fo very little, as to leave it doubtful, 
whether the effect did not arife from fome other latent caufe* 
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* Concerning the caufe, which keeps in motion 
- the primary planets. 


INCE the planets move in a void fpace and are free 
from refiftance ; they, like all other bodies, when.. 
* once in motion, would move on in a ftraight line without 
end, if left to themfelves. And it is now to be explained 
what kind of aétion upon them carries them round the fun. 
Here I {hall treat of the primary planets only, and dif- 
courfe of the fecondgry apart in the next chapter. It has been. 
juft now declared, that thefe primary planets move fo about 
the fun, that a,line extended from the fun to the planet, will, 
‘by accompanying the planet in its motion, pafs over equal fpa- 
ces in equal portions of time *. And this one property in the 
motion of the planets proves, that they are continually acted 
on by a power directed perpetually to the fun as a center. This 
therefore is one property of the caufe, which keeps the 
planets in their courfes, that it is a centripetal power, whofe 
center is the fun 


2. Acatn, in the chapter upon centripetal forces ° it 
was obferv’d, that if the ftrength of the centripetal power 
‘ was fuitably accommodated every where to the motion of 
any body round a center, the body might be carried in 


* Chr, §y. b Book I. Ch. 3. 
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any bent line whatever, * whofe concavity fhould be every 


where turned towards the center of the force. It was far-- 
ther remarked, that the ftrength of the centripetal force, 
in each place, was to be collected from the nature of the 
line, wherein the body moved’. Now fince each planet 
moves in an ellipfis, and the fun is placed in one focus ; 
Sir Isaac Newton deduces-from hence, that the ftrength- 
of this power is reciprocally in the duplicate proportion of the 
diftance from the fun, This is deduced from the properties, * 
which the geometers have difcovered in the ellipfis. The pro- 
cefs of the reafoning is not proper to be enlarged upon here; 
but I fhall endeavour to explain what is meant by the recipro- 
cal duplicate proportion. Each of the terms reciprocal pro-- 
‘Portion, and duplicate proportion, has been already defined >. 
Their fenfe when thus united is as follows. Suppofe the planet 
moved in the orbit ABC (in fig. 93.) about the fun ins. . 
Then, when it is faid, that the centripetal power, which acts on . 
the planet.in A, bears to the power aéting-on it in B’a propor-- 
tion, which is the reciprocal of the duplicate proportion of ‘the: 
diftance $ A to the diftance $B; it is meant that the power - 
in A bears to the power in B the duplicate of the proportiom: 
of the diftance $B.to the diftance $A, The. reciprocal du-- 
plicate proportion may be explained alfo by numbers as fol- 
lows. Suppofe feveral‘diftances to bear to each other propor-- 
tions exprefied by the numbers 1, 2, 3, 45 9; that is, let the- 
fecond diftance be double the firft, the third be three times, . 
the: fourth four times, and the fifth five times as great as the: 
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fv fic. 


an 











Cuan. PHILOSOPHY. 193 


firft. Multiply each of thefe numbers by it felf, and 1 multi- 

plied by 1 produces ftill 1, 2 multiplied by 2 produces 4, 3 

by 3 makes.g, 4. by 4.makes.16, and s by s gives 25. This 

being done, the.fractions +, +, 4, +, will refpectively exprefs 
the proportion, which the centripetal power in each of the 

following diftances bears to the power at the firft diftance: for 
in the fecond diftance, which is double,the firft, the centri- 

petal power will be one fourth part only of the power at the 
firft diftance ; at the third diftance the power will be one. 
ninth part only of the firft power; at the fourth diftance, 
the power will be but one fixteenth part of the firif; and at 

the fifth diftance, one twenty fifth part of the firft power. 


3. TxUvs is foynd the proportion, in which this centripetal’ 
power decreafes, as the diftance from the fun increafes, within 
the compafs of one planet's motion. How it comes to pafs, 
that the planet can be carried about the fun by this centripetal’ 
power in a continual. round, fometimes rifing frony the funy. 
then defcending again as low, and from thence be carried? 
up again as far remote as before, alternately rifing and ‘falling 
without end; appears from what has been written above con- 
cerning centripetal forces: for the orbits. of the=planets re- 
femble in fhape the curve line propofed in § 17 of the chapter - 
on thefe forces *.. 


4, Bur farther, in order to.know-whether this centripetal: 
force extends in the fame proportion throughout, and confe- 
quently whether all the planets are influenced by the very fame 
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powel, our author proceeds thus. He inquires what relation 
_ there ought to bé between the periods of the different planets, 
provided they were aéted upon by the fame power decreafing 
throughout in the forementioned proportion; and he finds, 
that the period of each in this cafe would have that very rela- 
tion to the greater axis of its orbit,. as I have declared above * 
to be found in the planets by the obfervations of aftronomers. 
And this puts it beyond queftion, that the different planets are 
preffed towards the fun, in the fame proportion to their diftan- 
ces, as one planet is in its feveral diftances. And thence 
in the laft place it is juftly concluded, that there is fuch a 
power acting towards the fun in the forefaid proportion at all 
diftances from it. 


y. Tuts power, when referred to the planets, our author 
calls centripetal, . when to the fun attractive; he gives it like- 
wife the name of gravity, becaufe he finds it to be of the fame 
nature with that power of gravity, which is obferved in our 
earth, as will appear hereafter >. By all thefe names he defigns 
only to fignify a power endued with the properties before 
mentioned; but by no means would he have it underftood, as 
if thefe names referred any way to the caufe of it. In particular 
in one place where he ufes the name of attraction, he cauti- 
ons us exprefsly againft implying any thing but a power di- 
recting a body to a center without any reference to the caufe 
of it, whether refiding in that center, or arifing from any 
external impulfe * 


® Chi.§ 7. » Chap. 5. § 8. € Princ. pag. 60, 
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) 6. Bur now, in thefe demonftrations fome very minute in- 
equalities in the motion of the planets are neglected ;_ which is 
done with a great deal of judgment; for whatever be their 
caufe, the effegts are very inconfiderable, they being fo exceed- 
ing {mall, that fome aftronomers have thought fit wholly to pafs 
then by *. However the excellency of this philofophy, when 
in the hands of fo great a geometer as our author, is fuch, that 
it is able to trace the leaft variations of things up to their caufes. 
The only inequalities, which have been obferved common to 
all the planets, are the motion of the aphelion and the nodes 
The tranfverfe axis of each orbit does not always remain fix- 
ed, but moves oe. the fun with a very flow progreffive 
motion: nor do the planets keep conftantly the fame pl-ne, 
but change them, and the lines in which thofe planes inter- 
feé& each other by infenfible degrees. The firft of thefe 
inequalities, which is the motion of the aphelion, may be ac- 
counted for, by fuppofing the gravitation of the planets to- 
wards the fun to differ a little from the forementioned “re- 
ciprocal duplicate proportion of the diftances; but the fe- 
cond, which is the motion of the nodes, cannot be account- 
ed for by any power directed towards the fun; for no fuch 
can give the planet any lateral impulfe to divert it from the 
plane of its motion into any new plane, but of neceflity muft 
be derived from fome other center. Where that power is 
lodged, remains to be difcovered. Now it is proved, as 
fhall be explained in the following chapter, that the three 
primary planets Saturn, Jupiter, and the earth, which have 
fatellites revolving about ee, are endued with a power of 

* Street, i ‘Aftron, Carelin. 
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.caufing bodies, in particular thofe fatellites, to gravitate to- 
- wards them with a force, which is reciprocally in the duplicate 
proportion of their diftances; .and the planets are in all re- 
{pects, in which they come under our examination, fo fimilar 
_and alike, that there is no.reafon to queftion, but they have 
all the fame property. Though it be fufficient for the prefent 
purpofe to have it proved of Jupiter and Saturn only ; for 
:thefe planets contain much greater quantities of matter than 
the reft, and proportionally exceed the others in power *. But 
the influenee of thefe two planets being allowed, it is evi- 
-vident how the planets come to fhift continually their planes: 
for each of the planets moving in a, different plane, the - 
-adtion of Jupiter and Saturn upon the ‘eft will be oblique to 
-the planes of their motion ; and therefore will gradually draw 
-them into new ones. The fame action of thefe two planets up- 
on the reft will caufe likewife a progreflive motion of the 
-aphelion ; fo that there will be no neceffity of having recourfe 
to the other caufe for this motion, which was before hinted 
at; viz, the gravitation of the planets towards the fun differing 
from the exact reciprocal duplicate proportion of the diftan- 
.ces. And in the laft place, the action of Jupiter and Saturn 
upon each other will produce in their motions the fame ine- 
qualities, as their joint action produces in the reft. . All this 
is effected in the fame manner, as the fun produces the fame 
kind of inequalities and many others in the motion of the 
moon and the other fecondary planets; and therefore will be 
.keft apprehended by what fhall be faid in the next chapter. 


See Chap. 5. § 9, &c. Oh > In the foregoing page. 
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Thofe other irregularities in the motion of the fecondary 
planets have place likewife here ; but are too minute to be 
obfervable: becaufe they are produced and rectified alternate- 
ly, for the moft part in the time of a fingle revolution ; 
whereas th¢ motion of the aphelion and nodes, which conti- 
nually increafe, become fenfible in a long feries of years. Yet 
{gme of thefe other inequalities are difcernible in Jupiter and 
Saturn, in Saturn chiefly; for when Jupiter, who moves fafter 
than Saturn, approaches near to a conjunétion with him, his 
action upon Saturn will a little retard the motion of that pla- 
enet, and by the reciprocal action of Saturn he will himfelf be 
accelerated. After conjunction, Jupiter will again accelerate 
Saturn, and be likewife retarded in the fame degree, as before 
the firft was retarded and the latter accelerated. | Whatever 
inequalities befides are produced in the motion of Saturn by 
the action of Jupiter upon that planet, will be fufficiently rec- 
tified, by placing the focus of Saturn’s ellipfis, which fhould 
otherwife be in the fun, in the common center of gravity of 
the fun and fupiter. And all the inequalities in the mo- 
tion of Jupiter, caufed by Saturn’s aétion upon him, are much 
lefs confiderable than the irregularities of Saturn’s motion’. 


7. Tuts one principle therefore of the planets having a 
power, as well as the fun, to caufe bodies to gravitate towards 
them, which is proved by the motion of the fecondary pla- 
nets to obtain in fact, explains all the irregularities relating to 
the planets ever obferved by aftronomers. 


® Sce Newton, Princ. Lib.JII. prop. 13: 


\ Aa 8. Sir 
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8. Sir Isaac Newrown after this proceeds to make an 
improvement in aftronomy by applying this theory to the far- 
ther correction of their motions. For as we have here obferv- 
ed the planets to poffef a principle of gravitation, as well as 
the fun ; fo it will be explained at large hereafter, that the 
third law of motion, which makes action and reaction equal, 
is to be applied in this cafe*; and that the fun does not only 
attract each planet, but is it felf alfo attracted by them; the 
force, wherewith the planet is acted on, bearing to the force, 
wherewith the fun it felf is aéted on at the fame time, the 
proportion, which the quantity of matter in the fun bears to* 
the quantity of matter in the planet. From the action be- 
tween the fun and planet being thus mutual Sir Isaac 
Newron proves that the fun and planetfwill defcribe about 
their common center of gravity fimilar eflipfis’s; and then that 
the tranfverfe axis of the ellipfis defcribed thus about the move- 
able fun, will bear to the tranfverfe axis of the'ellipfis, which 
would be defcribed about the fun at reft in the fame time, the 
fame proportion as the quantity of folid matter in the fun and 
planet together bears to the firft of two mean proportionals be- 
tween this quantity and the quantity of matter in the fun only ®. 


g. Azove, where I fhewed how to find a cube, that 
fhould bear any proportion to another cube‘, the lines FT 
and TS are two mean proportionals between EF and FG 3 
and counting from EF,. F T is called the firft, and Fs the fe- 
cond of thofe means. In numbers thefe mean proportionals 


# Chap. 5. § 10, » Princ, Lib. I. prop. 60, © Book I, Chap. 2, § 80. 
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ate thus found. Suppofe A and B two numbers, and it be. 
required to find C the farft, and D the fecond of 

the two mean proportionals between them. Firft A C 
multiply A by it felf, and the produ& multiply 3B D 

by B; thea C will be the number which in arith- 

metic is called the cubic root of this laft produ€&; that is, 
the number C being multiplied by it felf, and the produé& 
again multiplied by the fame number C, will produce the 
produ& above mentioned. In like manner D is the cubic 
root of the product of B multiplied by it felf, and the pro- 
duce of that multiplication multiplied again by A. 


10. Ir will be asked, perhaps, how this correction can be 
admitted, when the caufe of the motions of the planets was 
before found by fuppofing the fun the center of the power, 
which acted upon them: for according to the prefent correc- 
tion this power appears rather to be directed to their common 
center of gravity. But whereas the fun was at firft conclu- 
ded to be the center, to which the power acting on the planets 
was directed, becaufe the fpaces defcribed round the fun in 
equal times were found to be equal; fo Sir Isaac Newron 
proves, that if the fun and planet move round their common 
center of gravity, yet to an eye placed in the planet, the fpa- 
ces, which will appear to be defcribed about the fun, will have 
the fame relation to the times of their defcription, as the real 
fpaces would have, if the fun were at reft*. I farther afferted, 
that, fwppofing the planets to move round the fur at reft, 


* Princ. philof, Lib. 1. prop. 58. coroll. 3, 


~ Aa 2 and 
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~ and to be attraéted by a power, which every where fhould. 
act with degrees of ftrength reciprocally in the duplicate 
proportion of the diftances ; then. the periods of the planets 
mutt obferve the fame relation to their diftances, as aftrono- 
mers find them to do. But here it muft not be fuppofed, that 
the obfervations of aftronomers abfolutely agree without any 
the leaft difference ; and the prefent correction will not caufe 
a deviation from any one aftronomer’s obfervations, fo much 
as they differ from one another. For in Jupiter, where this 
correction is greateft, it hardly amounts to the 3000" part 
of the whole axis. 


11. Upon this head I think it not improper to mention 
a reflection made by our excellent authoréipon thefe {mall in- 
equalities in the planets motions; which contains under it a 
very ftrong philofophical argument againft the eternity of the 
world. It is this, that thefe inequalities muft continually in- 
creafe by flow degrees, till they render at length the prefent 
frame of nature unfit for the purpofes, it now ferves*, And 
a more convincing proof cannot be defired againft the pre- 
fent conftitution’s having exifted from eternity than. this, 
that a certain period of years will bring it to an end, I am 
aware this thought of our author has been reprefented even 
as impious, and as no lefs than cafting a reflection upon 
the wifdom of the author of nature, for framing a perifh- 
able work. But I think fo bold an affertion ought to have 
been made with fingular caution. For if this remask 
upon the increafing irregularities of the heavenly motions 

* Newt. Optics, pag: 378, 
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be true in fa&, as it really is, the imputation muft return 
upon the afferter, that this does detract from the divine 
wifdom. Certainly we cannot pretend to know all the 
omnifcient Creator's purpofes in making this world, and 
therefore cahnot undertake to determine how long he de- 
figned it fhould laft. And it is fufficient, if it endure 
thé time intended by the author. The body of every ani- 


, mal fhews the unlimited wifdom of its author no lefs, nay 


in many refpeéts more, than the larger frame of nature ; 
and yet we fee, they are all defigned to laft but a fmall 
{pace of time. 


r2. There need,nothing more be faid of the primary pla- 
nets; the motions d&the fecondary fhall be next confidered, 


Cuap. IIL. 


Of the motion of the MOON and the other 
SECONDARY PLANETS. 


HE excellency of this philofophy fufficiently appears 

from its extending in the manner, which has been re- 

lated, tothe minuteft circumftances of the primary planets 
motions; which neverthelefs bears no proportion to the vaft 
fuccefs of it in the motions of the fecondary ; for it not only 
accounts for all the irregularities, by.which their motions were 


- known to be difturbed, but has difcovered others fo complicat- 


ed, that aftronomers were never able to diftinguifh them, and 
reduce them under proper heads ; but thefe were only to be 
found 
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found out from their caufes, which this philofophy has brought _ 
to light, and has fhewm the dependence of thefe inequalities 
upon fuch caufes in fo perfec a manner, that we not only learn 
from thence in general, what thofe inequalities are, but are 
able to compute the degree of them. Of this Sir I's, Newton 
has given feveral fpecimens, and has moreover found means 
to reduce the moon’s motion fo completely to rule, that" he - 
has framed a theory, from which the place of that planet , 
may at all times be computed, very nearly or altogether as ex- 
a@tly, as the places of the primary planets themfelves, which is 
much beyond what the greateft aftronomers could ever effec. 


2. Tae firft thing demonftrated of thefe fecondary planets 
as, that they are drawn towards their rethebtive primary in the 
fame manner as_the primary planets are attracted by the fun. 
That each fecondary planet is kept in its orbit by a power 
pointed towards the center of the primary planet, about 
which the fecondary revolves; and that the power, by which 
the fecondaries of the fame primary are influenced, bears the 
fame relation to the diftance from the primary, as the power, 
by which the primary planets are guided, does in regard to 
the diftance from the fun *. This is proved in the fatellites of 
Jupiter and Saturn, becaufe they move in circles, as far as we 
can obferve, about their refpective primary with an equable 
courfe, the refpective primary being the center of each or- 
bit: and by comparing the times, in which the different fa- 
tellites of the fame primary perform their periods, they are . 


* Newton. Princ, Lib. IIL. prop. «, 
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found to obferve the fame relation to the diftances from their 
\ primary, as the primary planets obferve in refpedt of their 
mean diftances from the fun*. Here thefe bodies moving itt 
circles with an equable motion, each fatellite paffes over e- 
qual parts of, its orbit in equal portions of time ; confequent— 
ly the line drawn from the center of the orbit, that is, from: 
the primary planet, to the fatellite, will pafs over equal {pa-- 
ces along with the fatellite in equal portions of time; which 
* proves the power, by which each fatellite is held in its orbit,. 
to be pointed towards the primary asacenter®. It is alfo ma~ 
nifeft that the centripetal power, which carries a body in: as 
circle concentrical with the power, acts upon the body at alk: 
times with the fame ftrength. But Sir Isaac Newton de- 
monftrates that, wha bodies are carried in different circles by: 
centripetal powers direéted to the centers of thofe circles, then» 
the degrees of ftrength of thofe powers are to be compared by 
confidering the relation between the times, in which the bo- 
dies perform their periods through thofe circles°; and in par- 
ticular he fhews, that if the periodical times bear that relation, 
which I have juft now afferted the fatellites of the fame pri- 
mary to obferve; then the centripetal powers are reciprocally 
in the duplicate proportion of the femidiameters of the circles, 
er in that proportion to the diftances of the bodies from the 
centers*, Hence it follows that in the planets Jupiter and 
Saturn, the centripetal power in each decreafes with the in- 
ereaie of diftance, in the fame proportion as the centripetal: 


* Newton. Princ. Lib. III. 0,393, com-] © Princ. philof. Lib, I, prop. 4. 
pered with pa - 393. isectites | 4 Ibid. coroll, 7 " a 
b Book.l. Ch. 3. § 29 


\ 
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power appertaining to the fun decreafes with the increafe of 
diftance. I donot here mean that this proportion of the cen- 
tripetal powers holds between the power of Jupiter at any di- 
ftance compared with the power*of Saturn at any other di- 
ftance; but only in the change of ftrength of the power be- 
longing to the fame planet at different diftances from him. 
Moreover what is Here difcovered of the planets Jupiter gnd 
Saturn by means of the different fatellites, which revolve 
round each of them, appears in the earth by the moon alone; : 
becaufe fhe is found to move round the earth in an ellipfis af- 
ter the fame manner as the primary planets do about the fun; 
excepting only fome {mall irregularities in her motion, the 
caufe of which will be particularly explained in what follows, 
whereby it will appear, that they are no objection againft 
the earth’s aéting on the moon in the fame manner as the fun 
acts on the primary planets; that is, as the other primary 
planets Jupiter and Saturn act upon their fatellites. | Certain- 
ly fince thefe irregularities can be otherwife accounted for, we 
ought not to depart from that rule of indudtion fo neceflary 
in philofophy, that to like bodies like properties are to be at- 
tributed, where no reafon to the contrary appears. We can- 
not therefore but afcribe to the earth the fame kind of ation 
upon the moon, as the other primary planets Jupiter and Sa- 
turn have upon their fatellites; which is known to. be very 
exactly in the proportion afligned by the method of compar- 
ing the periodical times and diftances of all the fatellites, which 
move about the fame planet ; this abundantly compenfating 
our not being near enough to obferve the exact figure of ° 
their orbits. For if the little deviation of the moon’s orbit 
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orbit from atrue permanent ellipfis arofe from the action of the - 
earth upon the moon not being in the exaét reciprocal dupli- 

‘cate proportion of the diftance, were another moon to revolve 

about the earth, the proportion between the periodical times of 

this new moon, and the prefent, would difcover the devia- 

tion from the mentioned proportion much more manifeftly, 

\ 

3. By the number of fatellites, which move round Jupiter 
‘and Saturn, the power of each of thefe planets is meafured in 
a great diverfity of diftance ; for the diftance of the outermoft 
fatellite in each of thefe planets exceeds feveral times the dift- 
ance of the innermoft. In Jupiter the aftronomers have ufually 
placed the innermoft fatellite at a diftance from the center of 
that planet equal i y+ of the femidiameters of jupiter’s 
body, and,this fatellite performs its revolution in about 1 day 
182 hours. The next fatellite, which revolves round Jupiter in 
about 3 days 13% hours, they place at the diftance from Jupiter 

of about 9 of that planet’s femidiameters. To the third fa- 
 “tellite, which performs its period nearly in 7 days 3 4 hours, 
they aflign the diftance of about 14.3 femidiameters. But 
‘the outermoft fatellite they remove to 2 5+ femidiameters, and 
‘this fatellite makes its period in about 16 days 16+ hours *. 
In Saturn there is ftill a greater diverfity in the diftance of the 
feveral fatellites. By the obfervations of the late Cassini, a 
celebrated aftronomer in France, who firft difcovered all thefe 
fatellites, except one known before, the innermoft is diftant 
about 4: of Saturti’s femidiameters from his center, and re- 


* Newt, Princ, philof. Lib. TIL. pag. 390. 
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volves round in about 1 day 21+ hours. The next fatellite: 
is diftant about +3 {emidiameters, and makes its period in a- 
bout 2 days 177 hours, ‘The third is removed ‘to the dift- 
ance of about 8 femidiameters, and performs its revolution in 
near 4. days 12+hours. The fourth fatellite difcovered firft 
by the great HuycGens,. is near 18 femidiameters, and 
moves round Saturn in about 15 days.22= hours. The out“ 
ermoft is diftant +6 femidiameters, and makes its revolution 
in about 79 days 7‘ hours*.. Befides thefe fatellites, there 
belongs to the planet Saturn another body of a very fingular 
kind.“ This is a fhining, broad, and flat ring, which encom- 
paffes the planet round.. The diameter of the outermoft 
verge of this ring is more than double the diameter of Saturn. 
Huycens, who firft defcribed this ring, “makes the whole. 
diameter thereof to bear to the diameter of Saturn the. pro- 
portion-of-9 to 4, The late reverend Mr. P ounp makes the 
proportion fomething greater, viz. that of 7 to 3. The di- 
ftances of the fatellites of this planet Saturn are compared by _ 
€assini.to the diameter of the ring. His numbers I have 
reduced to thofe above, according to Mr; P ouNn»’s propor- 
tion between the diameters of Saturn and of his ring. | As 
this ring appears to adhere no where to Saturn, fo the dift- 
ance of Saturn from the inner edge of the ring feems rather 
greater than the breadth of the ring: The diftances, which 
liave here been given, of the. feveral fatellites, both for Jupiter 
and Saturn, may be more depended on in relation to the 


proportion, which thofe belonging to the fame primary planet 


4 Newt, Princ. philof Lib. II. pag. 391, 3920 
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bear one to another, than in refpect to the very numbers, that’ 
have been here fet down, by reafan of the difficulty there is 
in meafuring to the greateft exactnefs the diameters of the pri- 
mary planets; as will be explained hereafter, when we come 
to treat of telefcopes*. By the obfervations of the foremen- 
tioned Mr.P ounD, in Jupiter the diffance of the innermoft 

atellite fhould rather be about 6 femidiameters, of the fecond 
92, of the third 15, and of the outermoft 26+; and in Sa- 
turn the diftance of the innermoft fatellite 4 femidiametersy 
of the next 6, of the third 84, of the fourth 20%, and of the 
fifth s9 °. However the proportion between the diftances 
of the fatellites in the fame primary is the only thing necef- 
fary to the point we are here upon. 


4. But moreover the force, wherewith the earth ats in 
different diftances, is confirmed from the following confider- 
ation, yet more exprefly than by the preceding analogical 
reafoning. It will appear, that if the power of the earth,” by 
which it retains the moon in her orbit, be fuppofed to aé& at all 
diftances between the earth and moon, according to the fore~ 
mentioned rule ; this power will be fufficient to produce up+ 
on bodies, near the furface of the earth, all the effects afcribed 
to the principle of gravity. This is difcovered by the fol- 
Jowing method. Let A (in fig.94.) reprefent the earth, 
B the moon, BCD the moon’s orbit, which differs little from 
acircle, of which A isthe center. If the moon in B were 
left to it felf to move with the velocity, it has in the point B, it 


* Book III, Ch. 4, * Newt, Princ. philof. Lib. III..pag. 391. © Ibic. pags 392. 
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would leave the orbit, and proceed right forward in the line: 
BE, which touches the orbit in B. Suppofe the moon would. 
upon this condition move from B to E in the fpace of one mi-- 
nute of time. By the action of the earth upon the mcon, where- 
by it is retained in its orbit, the moon will really be found at the 
end of this minute inthe point F, from whence a ftraight line 
drawn to A fhall make the fpace BF Ain the circle equal to thé 
triangular fpace BEA; fo that the moon in the time wherein 
it would have moved fairs Btok, if left to itfelf, has been 
impelled towards the earth from E to F. And when the time 
of the moon’s pafling from B to F is fmall, as here it is only 
one minute, the diftance between E and F fcarce differs from 
the fpace, through which the moon would defcend in the 
fame time, if it were to fall dire@tly down from B toward A 
without any other motion. A B the diftance of:the earth-and 
moon is about 60 of the earth’s femidiameters, and the moon. 
completes her revolution round the earth in about 27 days 
hours and 4.3 minutes: therefore the fpace EF will here be 
found by computation to be about 16; feet. Confequently, 
if the power, by which the moon is retained in its orbit, be 
near the furface of the earth greater, than at the diftance of 
the moon in the duplicate proportion: of that diftance; the 
number of feet; a body would defcend near the furface of the 
earth by the aétion of this power-upon it in one minute of 
time, would be equal'to 16;-multiplied twice into the num- 
ber 60, that is, equal to y80s0.. But how faft’bodies fall near 
the furface of the earth may be known by the pendulum*; and 


® Sc Book I, Ch.2. § 60,64. 
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by the exacteft experiments they are found todefcend the fpace. ~ 


of 16% feet in a fecond of time; and the fpaces defcribed by 
falling bodies being in the duplicate proportion of the times 


\ of their fall *, the nurhber of feet, a body would defcribe in its 


fall near the furface of the earth in one minute of time, will 
be equal to 16; twice multiplied by 60, the fame as would 
beaufed by the power which a¢ts upon the moon. 


y. In this computation the earth is fuppofed to be at: 
re{t, whereas it would have been more exaét to have fup- 
pofed it to move, as well. as the moon, about their com- 
mon center of gravity; as will eafily be underftood, by what 
has been faid in the-preceding chapter, where it was fhewn,. 
that the fun is fubjected to the like motion about the com- 
mon center pf gravity of it felf and the planets. The ac- 
tion of the fun upon the moon, which is to be explain’d 
in what follows, is likewife here negleéted: and Sir Isaac: 
Newron fhews, if you take in both thefe confiderations, 
the prefent computation will beft agree to a fomewhat great- 
er diftance of the moon and earth, viz. to 60+ femidiame- 
ters of the earth, which diftance is more conformable to: 
aftronomical. obfervations. 


6.. T 1zse computations afford an additional proof, that: 
the action of the earth obferves the fame proportion to the 
diftance, which is here contended for. Before I faid, it 


was reafonable to conclude fo by induction from the pla- 


* Book I, Ch.2.§17.. 
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nets Jupiter and Saturn; becaufe they act in that manner. , 
But now the fame thing’ will be evident by drawing no other 
~confequence from what is feen in thofe planets, than that the _/ 
‘power, by which the primary planets act on their fecondary,/ 
‘is extended from the primary through the whole interval be- 
tween, fo that it would act m every part of the intermediate 
fpace. In Jupiter and Saturn this power is fo far from being 
confined to a {mall extent of diftance, that it not only reaches, 
to feveral fatellites at very different diftances, but alfo from 
one planet to the other, nay even through the whole plane- 
tary fyftem *. Confequently there is no appearance of reafon, 
why this power fhould not ac& at all diftances, even at the 
very furfaces of thefe planets as well as farther off. But from 
hence it follows, that the power, which retains the moon 
in her orbit, is the fame, as caufes bodies near‘the furface of 
the earth to gravitate. For fince the power, by which the 
earth aéts on the moon, will caufe bodies near the furface 
“of the earth to defcend with all the velocity they are found 
‘to do, it is certain no other power can act upon them 
befides; becaufe if it did, they muft of neceffity defcend 
fwifter. Now from all this it is at length very evident, 
that the power in the earth, which we call gravity, ex- 
‘tends up to the moon, and decreafes in the duplicate pro- 
portion of the increafe of the diftance from the earth. 


+. Tuis finithes the difcoveries made in the aétion of 
ithe primary planets upon their fecondary. The next thing 


* See Ch. II. § 6, 
to 
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to be fhewn is, that the fun acts upon them likewife: for 
this purpofe it is to be obferved, that if to the motion of the 
fatellite, whereby it would be carried round its primary at 
eft, be fuperadded the fame motion both in regard to 
velocity and direction, as the primary it felf has, it will 
defcribe about the primary the fame orbit, with as great 
» regularity, as if the primary was indeed at reft. The 
caufe of this is that law of motion, which makes a 
body near the furface of the earth, when let fall, to 
defcend’ perpendicularly, though the earth be in fo fwift 
a motion, that if the falling body did not partake of it, 
its defcent would be remarkably oblique; and that a bo- 
dy projected defcribes in the moft regular manner the fame 
parabola, whether projected in the direction, in which the 
earth moves, or in the oppofite direction, if the projed- 
ing force be the fame *. From this we learn, that 
if the fatellite moved about its primary with perfect re- 
gularity, befides its motion about the primary, it would 
participate of all the: motion of its primary; have the- 
fame. progreflive velocity, with which the primary is car- 
ried about the fun; and be impelled with the fame velo- 
eity as the primary towards the fun, in a direction parallel 
to that/impulfe of its primary. And on the contrary, the 
want’ of either of thefe, in. particular of the impulfe to- 
wards the fun, will occafion great inequalities in the mo-- 
tion of the fecondary planet. The jnequalities, which would: 
. asife from the abfence of this impulfe towards the fun are. 


£5 


* The fecond of. the lawsof.motion laid down in Book, Ch. 1, 
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fo great, ‘that by the regularity, which appears in the mo- 
~ tion of the fecondary planets, it is proved, that the fun com- ; 
municates the fame velocity to them by its aétion, as it gives ~ 
to their primary at the fame diftance. For Sir Isaac Newy 
Ton informs us, that upon examination he found, that if 
any of the fatellites of Jupiter were attracted by the fun 
more or lefs, than Jupiter himfelf at the fame diftance, 4the 
erbit of that fatellite, inftead of being concentrical to Ju- 
piter, muft have its center at a greater or lefs diftance, than 
the center of Jupiter from the fun, nearly in the fubduplicate 
proportion of the difference between the fun’s ation upon 
the fatellite, and upon Jupiter; and therefore if any fatel- 
lite were attracted by the fun but =, part more or lef, 
than Jupiter is at the fame diftance, the center of the 
orbit of that fatellite would be diftant from. the center of 
Jupiter no lefs than a fifth part of the diftance of the out- 
ermoft fatellite from Jupiter*; which is almoft the whole 
diftance of the innermoft fatellite. By the like argument 
the fatellites of Saturn gravitate towards the fun, as much 
as Saturn it felf at the fame diftance; and the moon as 
much as the earth. 


8. Tuus is proved, that the fun ads upon the fecon= 
dary planets, as much as upon the primary at the fame 
diftance: but it was found in the laft chapter, that the 
action of the fun upon bodies is reciprocally in the du- 


plicate proportion of the diftance ; therefore the fecondary 


-* Newton. Princ. philof, Lib, III.. prop. 6. pag. 401. 


planets 
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splanets being fometimes nearer to.the fun than the pri- 
mary, and fometimes more remote, they are not alwayy( 
aed upon in the fame degree with their primary, but’ 
“when nearer to the fun, are attracted more, and when far- 
ther diftan, are attracted lefs. Hence arife various inequali- 
ties in the motion of the fecondary planets *. 


9. Some of thefe inequalities would take place, though 
the moon, if undifturbed by the fun, would have moved in 
a circle concentrical to the earth, and in the plane of the earth’s 
motion ; others depend on the elliptical figure, and the ob- 
lique fituation of the moon’s orbit. One of the firft kind is, 
that the moon is caufed fo to move, as not to defcribe equal 
fpaces in equal times, but is continually accelerated, as fhe 
pafies from the quarter to the new or full, and is retarded 
again by the like degrees in returning from the new and full 
to the next quarter. Here we confider not fo much the ab- 
folute, as the apparent motion of the moon in refpeé to us. 


10. Tue principles of aftronomy teach how to diftin- 
guifh thefe two motions. Let $ (in fig. 95.) reprefent the 
fun, A the earth moving in its orbit BC, DEFG the moon’s 

orbit, the place of the moon H. Suppofe the earth to have 
moved from Ato I. Becaufe it has been fhewn, that the 
moon partakes of all the progreflive motion of the earth.; and 
likewife that the fun attraéts both the earth and moon equal- 
ly, when they are at the fame diftance from it, or that the 
mean a¢tion of the fun upén the moon is equal to its aétion 


* Newton’s Princ. philof. Lib. III, prop. 225-23. { 
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Sa the earth : we muft therefore confider the earth as car- 
)rying about with it the moon's orbit ; fo that when the 
“earth is removed from A toi, the moon’s orbit fhall like- 
wife be removed from its former fituation into that denoted 
by KLMN. But now the earth being in I, if the moon < 
were found in 0, fo that OI fhould be parallel to HA, 
though the moon would really have moved from H to 0, ye 
it would not have appeared to a fpectator upon the earth to 
have moved at all, becaufe the earth has moved as much it 
felf ; fo that the moon would ftill appear in the fame place 
with refpect to the fixed ftars. But if the moon be obferved 
in P, it will then appear to have moved, its apparent motion 
being meafured by the angle under OIP. And if the angle 
under PIS be lefs than the angle under HAS, the moon 
will have approached nearer to its conjiinétion with the fun. 


11. To come now to the explication of the mentioned 
inequality in the moon’s motion : let $ (in fig. 96.) reprefent 
the fun, A the earth, BC DE the moon’s orbit, C the place of the 
moon, when in the latter quarter. Here it-will be nearly at the 
fame diftance from the fun, as the earth is. In this cafe there- 
fore they will both be equally attracted, the earth in the dire- 
tion AS, and the moon in the direGtion CS. Whence as the 
earth in moving round the fun is continually defcending ‘to- 
ward it, fo the moon in this fituation muft in any equal por- 
tion of time defcend as much ; and therefore the pofition of 
the line AC in refpect of AS, and the change, which the 
moon’s motion produces in the angle under C A$, will not be 


altered by the fun. 
: 12. Bur 
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12. But now as foon as ever the moon is advanced froma 
the quarter toward the new or conjundtion, fuppofe to G, 


, the action of the fun upon it will have a different effec. Here, 


were the fuh’s action upon the moon to be applied in the di- 
ection GH parallel to AS, if its aétion on the moon were 
ual to its action on the earth, no change would be wrought 
by the fun on the apparent motion of the meon round the 
earth. But the moon receiving a greater impulfe in G than 
the earth receives in A, were the fun to act in the dire@tion 
GH, yet it would accelerate the defcription of the fpace 
DAG, and caufe the angle under GAD to decreafe fafter, 
than otherwife it would. The fun’s action will have this effec 
upon account of the obliquity of its direétion to that, in 
which the earth attraés the moon. For the moon by this 
means is drawn by two forces oblique to each other, one 
drawing from G toward A, the other from G toward H, 
therefore the moon muft neceflarily be impelled toward D. 
Again, becaufe the fun does not act in the direction GH _pa- 
rallel to S$ A, but in the direction GS oblique to it, the fun’s 
action on the moon will by reafon of this obliquity farther con- 
tribute to the moon’s acceleration. Suppofe the earth in any 
ort fpace of time would have moved from A to I, if not 
attracted by the fun ; the point I being in the ftraight line CE, 
which touches the earth’s orbit in A. Suppofe the moon in 
the fame time would have moved in her orbit from G to K, 
and befides have partook of all the progreffive motion of the 
earth, Then if KL be drawn parallel to AI, and taken equal 
to it, the moon, if not attracted by the fun, would be foun 
Ce 2 l 


es 
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‘in L. But the earth by the fun’s action is removed from I, Sup- 
pofe it were moved down to M in the line IMN parallel 
to $A, and if the moon were attracted but as much, and in 
the fame direction, as the earth is here fuppofedto beattradted, / 
fo as to have defcended during the fame time in the line LO, 
parallel alfo to AS, down as far as P, till LP were equal 
to IM, the angle under PMN would be equal to that 
under LIN, that is, the moon will appear advanced no far- 
ther forward, than if neither it nor the earth had been fubje@ 
to the fun’s action. But this is upon the fuppofition, that the 
aétion of the fun upon the moon and earth were equal ; 
whereas the moon being aéted upon more than the earth, did 
the fun’s action draw the moon in the line LO parallel to A$, 
it would draw it down fo far as to make LP greater than 
IM; whereby the angle under PMN will be rendred lefs, 
than that under LIN. But moreover, as the fun draws the 
earth in a direction oblique to IN, the earth will be found 
in its orbit fomewhat fhort of the point M; however the 
moon is attracted by the fun ftill more out of the line LO, 
than the earth is out of the line IN; therefore this obli- 
quity of the fun’s aétion will yet farther diminifh the angle 
under PMN. e 

13. Tus the moon at the point G receives an impulfe 
from the fun, whereby her motion is accelerated. And the 
fun producing this effect in every place between the quarter 
and the conjunction, the moon will move from the quarter 
with a motion continually more and more accelerated; and 

* therefore by acquiring from time to time additional degrees 
3 of 
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of velocity in its orbit, the fpaces, which are defcribed in 
equal times by the line drawn from the earth to the moon, will 
not be every where equal, but thofe toward the conjunction 
will be greater, than thofe toward the quarter. But now in 
the moon’s paflage from the conjunction D to the next quarter 
the fun’s action will again retard the moon, till at the next 

arter in E it be reftored to the firft velocity, which it had. 
in C. 


14. AGAIN asthe moon moves from E'to the full or op 
pofition to the fun in B, it is again accelerated, the deficiency 
of the fun’s action upon the moon, from what it has upon the 
earth, producing here the fame effect as before the exces of its 
action. Confider the moon in Q moving from E towards B. 
Here if the moon were attracted by the fun in a direction. 
parallel to AS, yet being acted on lefs than the earth, as 
the earth defcends toward the fun, the moon will in fome 
meafure be left behind. Therefore QF being: drawn pa- 
rallel to $B, a fpectator on the earth would fee the moon 
move, as if attracted from the point Q in the direétion 
QF with a. degree of force equal to that, whereby the fun’s 
aétion on the moon falls fhort of its aétion on the earth. But 
the obliquity of the fun’s aétion has alfo here an effe&t.: In 
the time the earth would have moved from A to I without the 
influence of the fun, let the moon have moved in its orbit fronr 
Q to R. Drawing therefore R T parallel to AI, and equal to the 
fame, for the like reafon as before, the moon by the motion of 
its orbit, if not at all attracted by the fun, muft be foundin T+ 
and therefore, if attracted in a direction parallel to $A, a 6 
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‘be in the line Tv parallelto AS; fuppofe in W. But the 

| eae in Q being farther eff the fun than the earth, it will be 
lefs attracted, that is, TW will be lefs than 1M, and if the 
line $M be prolonged toward X, the angle under KM W 
will be lefs than that under XIT. Thus by the fun’s action 
the moon’s paflage from the quarter to the full would be ac- 
celerated, if the fun were to act on the earth and moon ina 
direction parallel to AS: and the obliquity of the fun’s ac- 
tion will ftill more increafe this acceleration. For the action 
of the fun on the moon is oblique to the line $A the whole 
time of the moon’s paflage from. Q to T, and will carry 
the moon out of the line Tv toward the earth. Here I fup- 
pofe the time of the moon’s paflage from Q to T fo fhort, that: 
it fhall not pafs beyond the line $ A. The earth alfo will come 
a little fhort of the line IN, as was faid before. From thefe 
caufes the angle under XM W will be ftill farther leffened. 


1s. Tue moon in pafling from the oppofition B to the 
next quarter will be retarded again by the fame degrees, as 
it is accelerated before its appulfe to the oppofition. Becaufe 
this action of the fun, which in the moon’s paflage from the 
quarter to the oppofition caufes it to be extraordinarily accele- 
rated, and diminifhes the angle, which meafures its diftance 
from the oppofition ; will make the moon flacken its pace af- 
terwards, and retard'the augmentation of the fame angle in 
its paflage from the oppofition to the following quarter ; that 
is, will prevent that angle from increafing fo faft, as otherwile 
it would. And thus the moon, by the fun’s aétion upon it, is 


thrice accelerated and twice reftored to its firft velocity, every 
circuit 
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circuit it makes round the earth, This inequality of the moon’s 


motion about the earth is called by aftronomers its variation, 


= 


16. Tue next effect of the fun upon the moon is, that it 


} ‘gives the oxbit of the moon in the quarters a greater de- 


gree of curvature, than it would receive from the aétion of 
the earth alone ; and on the contrary in the conjunétion and 
oppofition the orbit is lefs inflected. 


17. WuEN the moon is in conjunétion with the fun in 
the point D, the fun attraéting the moon more forcibly than 
it does the earth, the moon by that means is impelled lefs to- 
ward the earth, than otherwife it would be, and fo the orbit 
is lefs incurvated ; for the power, by which the moon is im- 
pelled toward the earth, being that, by which it is inflected 
from a rectilinear courfe, the lefs that power is, the lefs it 
will be infle&ted. Again, when the moon is in the oppofi- 
tion in B, farther removed from the fun than the earth is; 
it follows then, though the earth and moon are both conti- 
nually defcending to the fun, that is, are drawn by the fun 
toward it felf out of the place they would otherwife move 
into, yet the moon defcends with lefs velocity than the 
earth ; infomuch that the moon in any given fpace of 
time from its pafling the point of oppofition will have 
lefs approached the earth, than otherwife it would have 
done, that is, its orbit in refpect of the earth will ap- 
proach nearer to a ftraight line. In the laft place, when 


~ the moon is in the quarter in F, and equally diftant 


\ 


from the fun as the earth, we obferved before, aly 
th 
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. the-earth and moon would defcend with equal pace to- 
ward the fun, fo as to make no change by that defcent 
in the angle under FAS ; but the length of the line HA muft » 

of neceflity be fhortned. "Pherefnt the moon in moving from 
F toward the conjunétion with the fun will be impelled more 
toward the earth by the fun’s action, than it would have been. 
by the earth alone, if neither the earth nor moon had been 
acted on by the fun ; fo that by this additional impulfe the 
orbit is fendréd more curve, than it would otherwife be. 


The fame effect will alfo be produced in the other quarter. 


18. AnoTuer effect of the fun’s action, confequent upon 
this we have now explained, is, that though the moon un- 
difturbed by the fun might move in a circle having the earth 
for its center ; by the fun’s action, if the earth were to be 
in the very middle or center of the moon’s orbit, yet the 
moon would be nearer the earth at the new and full, than 
in the quarters. In this probably will at firft appear fome 
difficulty, that the moon fhould come neareft to the earth, 
where it is leaft attracted to it, and be fartheft off when moft 
attracted. Which yet will appear evidently to follow from 
that very caufe, by confidering what was laft fhewn, that the . 
orbit of the moon in the conjunction and oppofition is ren- 
dred lefs curve ; for the lefs curve the orbit of the moon is, 
the lefs will the moon have defcended from the place 

it would move into, without the action of the earth,, Now 
if the moon were to move from any place without farther 
difturbance from that action, fince it would proceed in 
( the line, which would touch its orbit in that place, it would 


\ 
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recede continually from the earth ; and therefore if the pow” 
of the earth upon the moon, be fufficient to retain it at 
the fame diftance, this diminution of that power will caufe 


the diftance to increafe, though in a lefs degree. But on the 


other hand’ in the quarters, the moon, being preffed more to- 
wards the earth than by the earth’s fingle aétion, will be 
thade to approach it; fo that in pafling from the conjunction 
or oppofition to the quarters the moon afcends from the 
earth, and in pafling from the quarters to the conjunction 
and oppofition it_defcends again, becoming nearer in thefe 
laft mentioned places than in the other. 


19. Att thefe forementioned inequalities are of different 
degrees, according as the fun is more or lefs diftant from the 
earth ; gregter when the earth is neareft the fun, and lef 
when it is fartheft off. For in the quarters, the nearer the 
moon is to the fun, the greater is the addition to the earth’s 
action upon it by the power of the fun ; and in the conjun- 
tion and oppofition, the difference between the fun’s aétion 
upon the earth and upon the moon is likewife fo much the 
greater. 


20. Tuts difference in the diftance between the earth 
and the fun produces a farther effect upon the moon's mo- 
tion ; caufing the orbit to dilate when lefs remote from the 
fun, and become greater, than when at a farther diftance. 
For it is proved by Sir Isaac Newton, that the action of 
the fun, by which it diminifhes the earth’s power over the 
moon, in the conjunction or oppofition, is about twice 
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‘great, as the addition to the earth’s action by the fun in the 
quarters*; fo that upon the whole, the power of the earth 
upon the moon is diminifhed by the fun, and therefore is. 
moft diminifhed, when the action. of the fun is ftrongeft: but 
as the earth by its approach to the fun has its influence leffen- 
ed, the moon being lefs attracted will gradually recede from 
the earth ; and as the earth in its recefs from the fun recovers 
by degrees its former power, the orbit of the moon muft a- 


gain contract. Two.confequences follow from hence: the >= 


moon will be moft remote from the earth, when the earth is 
neareft the fun; and alfo will take up a longer time in per- 
forming its revolution through the dilated orbit, than through 
the more contracted. 


21. Tuese irregularities the fun would produce in the 
moon, if the moon, without being aéted on unequally by the 
fun, would defcribe a perfect circle about the earth, and in. 
the plane of the earth’s motion ; but though neither of thefe 
fuppofitions obtain:in the motion of the moon, yet the fore-. 
mentioned inequalities will take place, only with fome diffe- 
rence in refpect to the degree of them; but the moon by not 
moving in this manner is fubjecét to fome other inequalities al- 
{o, For as the moon defcribes, inftead of a.circle concentri- 
cal to the earth, an ellipfis, with the earth in one focus,. that: 
ellipfis will be fubjected to various changes. It: can neither 
preferve conftantly the fame pofition, ner yet the fame fi- 
gure; and becaule the plane of this ellipfis is not the. fame: 


Ke * Newton, Princ, Lib,I._ prop. 66. coroll. 7. 
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with that of the earth’s orbit, the fituation of the plane, wheres 
in the moon moves, will continually change ; neither the line 
in which it interfeéts the plane of the earth’s orbit, nor the 
inclination of the planes to each other, will remain for any 
time the fame. All thefe alterations offer themfelves now to 


be explained. 


22. I suavu firft confider the changes which are made 
in the plane of the moon’s orbit. The moon not moving 
in the fame plane with the earth, the fun is feldom in the 
plane of the moon’s orbit, viz. only when the line made by 
the common interfection of the two planes, if produced, 
will pafs through the fun, as is reprefented in fig. 97. where 
S denotes the fun; T the earth; ATB the earth’s orbit de- 
{cribed upon the plane of this fchieme ; ; CDEF the moon’s 
orbit, the part CDE being raifed above, and the part CFE 
depreffed under the plane of this {cheme. Here the line CE, 
in which the plane of this fcheme, that is, the plane of the 
earth’s orbit and the plane of the moon’s orbit interfe&t each 
other, being continued paffes through the fun ins. | When 
this happens, the action of the fun is directed in the plane 
of the moon’s orbit, and cannot draw the moon out of this 
plane, as will evidently appear to any one that fhall confider 
the prefent {cheme< for fuppofe the moon inG, and let a 
ftraight line be drawn from G to $, the fun draws the moon 
in the direction of this line from G toward $: but this line lies 
in the plane of the orbit; and if it be prolonged from $ beyond 
G, the continuation of it will lie on the plane CDE; for the 
plane itfelf, if fufficiently extended, will pafs through the a 
: Dd 2 , "But 
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But in other cafes the obliquity of the fun’s action to the plane 
Yof the orbit will caufe this plane continually to change. 


23. SUPPOSE in the firft place, the line, in which the two 
planes interfe&t each other, to be perpendicular to the line 
which joins the earth and fun. Let T (in fig. 98,99; : 100,101.) 
reprefent the earth; $ the fun; the plane of this {cheme the 
plane of the earth’s motion, in which both the fun and earth 
are placed. Let AC be perpendicular to $ T, which joins the 
earth and fun ; and let the line A Cbe that, in which the plane 
of the moon’s orbit interfects the plane of the earth’s motion. 
To the center T defcribe in the plane of the earth’s motion 
the circle ABCD. And in the plane of the moon's orbit 
defcribe the circle AECF, one half of which AEC will 
be elevated above the plane of this fcheme, the other half 
AF C as much depreffed below it,. 


24. N.ow fuppofe the moon.to fet forth from the point A 
(in fig. 98.) in the direétion of the plane AEC. Here fhe 
will be continually drawn out of this plane by the action of 
the fun: for this plane AEC, if extended, will not pafs through 
the fun, but above it; fo that the fun, by drawing the moon 
direatly toward it felf, will force it continually more and more 
from that plane towards the plane of the earth’s motion, in 
which it felf is ; caufing it to defcribe the line AK G HI,.which 
will be convex to the plane AEC, and concave to the plane. 
of the earth’ motion. But here this power of the fun, which 
is faid to: draw the moon toward the plane of the earth’s. 
spatich, muft be underftood principally of fo much only of 

‘ the: 
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the fun’s action upon the moon, as it exceeds the action of the 
fame upen the earth. For fuppofe the preceding figure to be 
viewed by the eye, placed in the plane of that {cheme, and in’ 
the line C T Aon the fide of A, the plane ABCD will appear as 
the ftraight line D T B, (in fig.102.)and the plane AEC Fas an- 
other ftraight line FE; and.the curve line AK GHI under the 
forgn of the line TKGHI. Now itis plain, that. the earth and 
moon being both attracted by the fun, if the fun’s aétion up- 
‘on both was equally ftrong, the earth T, and with it the plane 
AECF or line FTE in this {cheme, would be carried toward. 
the fun with as great a pace as the moon, and therefore. the 
moon not drawn out of it by the fun’s action; excepting 
only from the fmall obliquity of the direéion of this action 
upon the moon to that of the fun’s action upon the earth, 
which arifes from the moon’s. being out of the plane of the 
earth’s motion, and is not very confiderable ;_ but the action: 
of the fun upon the moon being greater than. upon the earth, 
all the time the moon. is nearer to the fun than the earth is, 
it. will be drawn from the plane AEC or the line FE by 
that excefs, and: made to defcribe the curve line AGL or 
TGI. Butitis the cuftom.of aftronomers, inftead of con- 
fidering the moon as moving in fuch a curve line, to refer 
its motion continually to the plane, which touches the true 
line wherein it moves, at the point where at any time the 
moon is. Thus when tlie moon isin the point A, its motion 
is confidered as being in the plane AEC, in whofe direction it 
then effaies to move ; and whem in the point K ( in fig. 99.) 
" jts motion is referred to the plane, which paffes through the 
earth, and touches the line AKGHI in the point.K.. Thus. 
: the 


